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ABSTRACT
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score distributions, stability, and the degree of relationship among
scoring methods and between pyramidal scoring methods and scores on
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conventional test, score distributions were platkurtic and positively
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test-retest correlations which were only slightly lower than that for
the 4m-item conventional test. However, when the effects of memory
were considered, the pyramidal strategy yielded more stable ability
estimates than conventional tests of equivalent length. The
correlation between pyramidal test scores and those on conventional
tests ranged from .82 to .86. One pair of scoring methods was found
to be perfectly correlated for properly constructed pyramidal tests;
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AN ENIPM1CAL 1NVPSTAOATJON t*, COMPUTEUm.
ADM1NISFEUED PINAMIDAL ABILITY TESIANG

conventional tests or ability have traditionally been
administered by paper and pencil to large groups of indi.
viduals. Each subject is expected to attempt every item
in the tort regardless of its difficulty or his/her ability.
Administration of ability test items by interactive computer
systems has made possible the tailoring of tests to the
ability of the individual, testee. When ari ability test is
administered by computer, items are selected for presenta
tion according to a pre-determined set of rules or "strategy"
which takes into account the testee's responses to pre-
viously administered items. Adaptive testing strategies are
differentiated by the set of rules used to determine item
selection (Weiss, 1974). The rationale for adaptive testing
is tha t, by eliminating those items which are either too
difficult or too easy for the person taking a test, its
reliability and validity may be improved and testing time
shortened. Weiss and Betz (1973) have described the various
strategies used and have summarized the research literature
on adaptive testing.

The strategy most frequently used in adaptive testing
has been called "branched", "sequential", or "pyramidal"
testing. This method requires that items be arranged in
a triangular structure according to difficulty. Figure 1
illustrates a pyramidal item structure. Typically, the
first item administered (item 1, stage 1) is of median
difficulty for the group taking the test, and is represented
at the top of the pyramidal structure. The second item
presented (stage 2) is contingent upon whether the response
to the f:',rst item was correct or incorrect. If the testee
answers hy first item correctly, an item of greater diffi-
culty (item 3) is administered next. An incorrect response
to item 1 results in the administration of a second-stage
item of lesser difficulty (item 2). Thus, as Figure 1
shows, there are two items at the second level or " Aage"of the pyramid. The testee is routed to an item at stage
3 according to his response to the stage 2 item; again a
more difficult item follows a correct response, and an
easier item follows an incorrect response. The branching
procedure is repeated until the subject has attempted one
item at each of a fixed number of stages. The solid lines
connecting item numbers in Figure 1 illustrates the pathsof two hypothetical testes through the pyramidal structure.

The number of items attempted by a testee is equal to
the number of stages (provided that one item is administered
at each stage), and is only a friction of the total number
of items needed to construct the pyramidal structure. In
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the pyramidal structure shown in Flgor 19 eneh testee woutd
enoounter only 10 oC the 51 itoms av4ilable for administra-
tion. Many variations of this method of testIng haV been
suggested (Weiss, 1,974). For example, the number of items
le be administered at one stage may be set at three or Vivo.
ln suoh eases, branching is based on the number of items
answered correctly at a given stage. instead of routing
from item to item, the 1'05t00 is branched from one block of
items to another with all items in a block having about the
same difficulty.

The increment or decrement in the difficulty of items at
one stage to those in the next (.:25 in Figure 1) is called
the "step size" and may be either fixed or variable. Some
pyramidal tests (Paterson, 196:2; Lord, 1971a) have used a
large step size at the beginning of the test to make rola-
tiely coarse distinctions among ability levels; as testing
proceeds the step size becomes smaller or "shrinks" enabling
finer and finer discriminations among testees. in most cases,
the increment in difficulty for a correct response is equal
to the decrement in difficulty following an incorrect re-
sponse. This insures symmetric; branching throughout testing,
and requires that one item at each stage be attempted. This
has been called an "up-one Zstagg /down-one Lstag27" strategy,
or "equal offset".

The term "unequal offset" has been used to explain branch-
ing which is asymmetric (Lord, 1.70). In such a case, follow-
ing a correct response a testee is routed to a more difficult
item in the next stage, but after an incorrect response,
routing occurs to a much easier item two or even three stages
further into the pyramid (i.e., one or more stages is skipped).
This is known as an "up-one/down-two (or -three)" strategy
and is most commonly used as a correction for guessing. in
this variation the number of items administered is less than
the number of stages, unless the testee responds correctly
to all items administered.

Pyramidal tests mEy be scored by a number of different
methods. First, the rank of the difficulty of the final
item attempted can be considered the individual 's score
(Bayroff, Thomas & Anderson, 1960; Seeley, Morton & Anderson,
1962; Waters r!: Ilayroff, 1 ki71). The promidal test illustrated
in Figure I would , ther,.fore, yield 10 scores. Time numl
of ranks may be doubled by assigning a higher rank to a
subject answering the final item correctly, than to one
who does riot (Watc.rs, 19W4; Bayroff Seeley , 1967). 'H e.

difficult level of the final item reached (e.g. , Baroff,
1.t)69) may also be considered an estimate of a testee's
ability (e.g., -1.'5 and +t.0 for the two tester's shown in



Figure 1). Another method, whieb takes into account the
correctness or incorrectness of the response to the final
item involves branching the subject, to an hypothettcal
item following the: last item administered and estimating
its difficulty. This has been named the "final node score"
(Hanson, 1969) or "final difficulty score" (Lord, 1971b).
To distinguish this method from the one utilizing the
difficulty of the last item, it can be called the "n + lth
item" scoring method. Another scoring method involves the
average of all items attempted or all items correctly
answered. Lord (1970) has used a related averaging method
which eliminates the first item (since everyone attempts it)
but includes the n + 16 item. lie considers it the "score
of choice" (Lord, 1971b, p. 709) for most up -ones /down -one
.4trategies. Finally, a more complicated scoring system has
been proposed by Hansen (1969) which assigns an estimated
score to each item in the pyramid.

Empirical studies. Early research with pyramidal tests
used paper and pencil administration. Krathwohl and Huyser
(1956) administered an eight-stage (one item ger stage)
and a four- stage (two items per stage) pyramid to 100 college
students. They obtained correlations of .78 and .68 between
the pyramidal tests and 60-item parent tests. Their pyra-
midal tests were completed more quickly than the conventional
tests, and provided almost as much information.

Bayroff, Thomas and Anderson (1960), following Krathwohl's
approach,constructed four six-stage pyramidal tests using a
decreasing step size. Based on their response choice on the
first item testees were routed to one of three alternative
items at stage 2. Those who selected the correct alterna-
tive were administered a more difficult item; those who re-
sponded with either of two plausible distractors were routed
to an item of the same difficulty as the initial item; and
those who chose the least popular incorrect response were
given an easier item. For the remaining stages, ordinary
up-one/down-one branching was used. Seeley, Morton and
Anderson (1962) administered these six-stage pyramidal
tests to 327 men and correlated scores on the pyramidal
tests with those obtained on corresponding subtests of a
longer conventional test. For both verbal and numeric items,
the correlation between -,ae pyramidal and conventional tests
was .63; however, the distribution of pyramidal. Scores was
highly skewed with a large number of scores at the high end
of the distribution. These authors aLso reported that a
number of the Low ability testees did not follow the routing
instructions, resulting in unusable test records for these'
examinees.



Wood (199) administered paper nd PVnell oramidal
tests of 4. 5, and o stages to 91 students, Step sit tens
fixed at: p = .05; the initial Lieu' was tw mecum) dirrieult
(p = .10); an up-otte/down-one branching rule was tisoct;
and the swore was the number of items correetly answered
in *qi0ii t,e- t Validity tit' the tests was deterMined by
oorrelptins of test scores with course grades in compari-
son with those obtained with a 4(Z .-item conventional test.
Correlations between the pyramidal scores and course grades
were all below ,31; comblning scores on the three pyeateldal
tests increased the correlation to .51. The correlation
between the co.tventional test and grades was 08, and a test
composed of the fifteen most discriminating items in the
conventional test tiac a correlation of .52 with course grades.
Wood concluded that a conventional test is just as good as
a combination of pyramidal tests composed of the same number
of items.

More recent empirical studies have used computers to
administer adaptive tests. Bayroff and Seeley (1907) ad-
ministered two eight-stage pyramidal tests by teletype to
102 men. The step size used was p = .05 and final item
difficulties ranged from p = .93 to p = .20; scores were
based on the correctness or incorrectness of the final item,
providing a score range of 17 points. Testees also completed
40-item numerical and 50-item verbal conventional tests.
Correlations between the adaptive and conventional tests
were .83 and .79 (corrected for restriction of range) com-
pared to an estimated correlation between eight-item con-
ventional tests and the 40. and 50-item conventional tests
of .75 and .67. Thus, pyramidal tests proved to be more
highly related to the long conventional tests than were
conventionnl tests of comparable length. By use of the
Spearman-Brown formula, it was found that conventional tests
would require at least twice as many items as the pyramidal
tests to achieve the same correlation with the criterion
paper and pencil tests.

Hansen (1969) administered five different pyramidal
tests by teletype to 36 college freshmen. The number of
stages per test was either three or tour with eac h student
ansu,?ring a total of 17 items. Hansen used a step size
of p = .10 and scored his tests by four different methods.
Scores on the pyramidal tests were correlated with scores
on a one-hour classroom exam on the same material completed
one week before the pyramidal tests were administered, and
with scores on another achievement test and final course
grade. The conventional test, even when equated for length,
was found to have a lower internal consistency reli;tbilit
than any of the five pyramidal tests. Scores for the pramid:11
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tets wero distributed more roetangularly than those or
tho eonvent'i.en test which had a negatively skewed dis-
tribution Besults also showed that the pyramidal tests
wore completed in an average of five minOes less time
than the eonventional test. Pramida1 tests scored by
two me'hods also showed higher correlations than the von.
venttetat test with final gr:tde and the achievement test
criterion. A second study produced similar results.

Bryson (1,i71) compared two five...stage pyramidal tests
with two five.item conventional tests un their correlation
%;ith tu0-item parent tests. ConvonLional tests were ad.
ministered bv oaper an'' pencil while the pyramidal tests
were cAministered using a cathode ray computer terminal.
in One Of tho pyrintlid41 tests, the item selection pro-
codure sequentially selected items based on the most dis-
criminating item for all those who roach a given point in
the pyramidal structure, while the other used an item selec-
tion procedure designed to maximize the prediction of totnl
score (Wolfe, 1970). Both pyramids had 4 variable step size.
Each pyramidal strategy was administerod to two groups of
2til subjects and the conventional tests were administered
to comparable groups of 250 individuals. Results indicated
that one of the short conventional tests was more highly
correlated with total test score than either of the pyrami-
d-A tests. One of the pyramids had lower correlations with
total test score than either of the conventional tests.

Simulltion studies. Simulation involves scoring a con-
ventional test "as if" it had been administered adaptively
(real data simulation) or using computers to generate hypo-
thetical subjects, items, and/or test response records
(computer simulation). Bryson's (1971) investigation com-
pared her empirical findings with those of a real data
simulation using the same four pyramidal and conventional
tests with two groups of 100 subjects. The highest corre-
lations with total test score were obtained when one of the
two pyramids was used. The ocher w.ramidal strategy had
correlations less than or equal to one of the conventional
tests and higher correlations than the other. These findings
were more favorable to adaptive testing than her empirical
results.

Linn, Nock and Cleary (19o4) investigated seven difiev-
ent branching strategic: using real data simulation based on
the responses or '1,881 students to a 190-item conventional
test For each strategy, the appropriate items from the
longer tests were soleet4:,d and scored as if the testees had
attempted only those items in the order rekittired by the t;iven
adaptive test. Five of the simulated branching stratcOes



.7.
were two-stage procedures (Betz & Weiss, 1973); the two
remaining designs wore pyramidat. The first was a ten-stage
pyramid with a stop size of about p = .02. The second
pyramidal test consisted of five stages with five items
per stage; thus, 25 items were attempted by each subject
with branching based on a subject's perVormance within each
block, Both pyramids used an equal. offset. Pyramidal tests
were compared to five shortened conventional tests of from
10 to 50 items. Results showed that the 10-3tage pyramidal
test correlated .87 with total test score; the 25-item pyra-
mid correlated .5; and the short conventional tests correlated
.89 to .90. The 23-item pyramid's correlation with total test
score corresponded to that of a 35-item conventional test.
Linn et aL. (19O9) also obtained scores on two achievement
tests for the same subjects, which were used as criterion
measures. The 10-item pyramidal test showed a higher core-
lation with the criterion measures than the conventional test
of the same length. Similarly, the five-stage 25-item pyramid
correlated higher with the criterion tests than the 50 -item
conventional test. These findings imply that pyramidal test-
ing can result in gains in validity with fewer items ad-
ministered in comparison to conventional testing.

Paterson (1962) conducted a monte curio computer simu-
lation study using a pyramidal strategy. Items in the pNra-
mid were first structured by difficulty and then ordered by
discriminations. The first items administered were the most
discriminating while the later items were less discriminating
within each level of difficulty. Step size varied as a func-
tion of item discrimination. If a highly discriminating item
was answered correctly, the increment in difficulty between
that item and the next was large. When an item of low dis-
crimination was answered correctly, the increment in diffi-
culty was small. Similarly, decrements in step sizes de-
pended on the discriminations of items which were answered
incorrectly. Since items were arranged according to dis-
criminations, the step sizes at the beginning of the test
were large and decreased as the testee moved through the
pyramidal structure.

Paterson's pyramid consisted of six stages and was com-
pared with a six-item conventional test for an llpothetic,IL
population of 1,500 individuals, with 100 peoplr. at each of
15 ability levels. The two testing strategies uere comparod
at five levels of item discrimination under condi tinns of
normal, rectangular, and U-shaped distributions of ,tbiLity.
The effects of errors in estimating the item parameters
were studied by including items of inappropriate difficulty
or discrimination in the pyramidal tests. The data led to
the conclusion that errors in parameter estimates in pyramidal
testing did not seriousl.) affect the score distributions



obtalned. Pyramidal testing was found to give better esti..
mates of ability than conventional tests when U-shaped or
rectangular distribution of ability were assumed. Pyramidal
test scores were also more precise than conventional scores.
especially at the extremes of the ability distribution, and
could predict ability from test scores as well as conven-
tional tests.

Theoretical studies. Waters (1964) conducted a theo-
retical comparison of a five-stage pyramidal test and four
conventional five-item tests using Lord's (1)52) model to
obtain the' correlation between test score and underlying
ability for each test. The hypothetical pyramidal test
used a step size of p = .10, an up-one/down-one branching
rule, and was scored by two methods. Under either scoring
method, the correlation between test score and ability was
higher for the pyramidal test than for any of the conven-
tional tests, whether free-response or multiple-choice for-
mat was used. The pyramidal test produced a more rectangu-
lar score distribution and a potentially greater dispersion
of scores than the conventional tests.

Waters and Bayroff (1971; Waters, 1970) compared 3-,
10-, and 15-stage pyramids and a ten-stage pyramid with
two items per stage to conventional tests of the same length.
Both conventional tests and pyramidal tests differed in the
variability of item difficulties, and item discriminations
were systematically varied. The distribution of ability was
assumed to be normal.. Results showed correlations of test
score and ability were related to both the distribution of
item difficulties and item discrimination, that correlations
for the pyramital tests were higher than those for the con-
ventional tests, particularly with highly discriminating
items, and that the one-item-per-stage pyramids showed higher
correlations of test scores and ability than the two-
item-per-stage pyramids.

Lord has reported several theoretical studies on pyra-
midal testing (Weiss & Betz, 1973). His analyses, based 011
the mathematics of item characteristic curve theory and the
theory of Markov chains, compared 10-, 15-, and 60-stage
pyramids with conventional tests of 60 items (Lord, 1970.
1971a, b; Stocking, 196-:). Step sizes were systematical
varied across tests but remained constant for any given fest.
Branching rules studied were up-one/down-one, up-one/down-two,
up-one/down-three, and up-two/down-three, under a variety of
scoring methods. Results showed that for conventional tests
the information function was bell-shaped, leptokurtic, and
symmetric about the median ability level; ability was most
accurately estimated from test scores for those subjects at
or near the median ability. Pyramidal information functions
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were platykurtic, in some cases approximating a straight
line, indicating that precision of test scores was more
nearly equal across ability levels. At the median ability
level, the 60-item conventional test provided more precise
measurement than any pyramidal test. However, for abilities
beyond +.3 to +1.0 standard deviations the pyramidal tests
provided more precise measurement. Different methods of
scoring the pyramid provided different results, as did
different stepping rules. Lord (1970, 1971a) also investi-
gated a variable step size procedure adapted from brio -assn)

work called the Robbins-Munro procedure. In this strategy
large increments or decrements in item difficulty occur early
in the testing process with progressively smaller step sizes
occurring later in testing. The procedure is designed to
converge on a difficulty level at which each individual has
a .30 probability of answering each item correctly. Although
this procedure yielded extremely favorable results for py-
ramidal tests, it requires item pools that are so large as
to be practically unfeasible.

Mussio (1972) has attempted to reduce the large number
of items required in pyramidal testing by adopting "reflect-
ing barrier" and "retaining barrier" strategies. Both modi-
fications involve truncating the upper and lower tails of
the pyramidal structure, thus eliminating many items at
extreme difficulty levels. Like Lord, Mussio presented his
theoretical results in the form of information curves and
obtained similar results. Pyramidal tests modified by either
"barrier" provide less information at the mean of an ability
distribution than a conventional peaked test, but much more
information for those individuals whose ability deviates
from the mean. The retaining barrier was found to provide
more nearly equal estimates of precision over the range of
abilities than the reflecting barrier. Although both approaches
showed some loss in precision at very extreme ability levels,
each was still more precise than conventional tests at those
ability levels.

Summary. The research available on pyramidal testing
has used a wide variety of subjects, item pools, and test
characteristics including variatiors in branching strategies,
entry points, step sizes, offsets, and scoring methods.
Administration of considerably fewer items has resulted in
shorter testing times when complex instruction and paper
and pencil formats have been eliminated. Several pyramidal
tests have shown higher correlations with parent tests than
conventional tests of the same length. Pyramidal tests de-
signed by Hansen (1)6)) and Linn et al. (1960) have obtnined
higher correlations with outside criteria than conventional
tests. Pyramidal tests have also been shown to produre
more rectangular equidiscriminating score distribution than
conventional tests (Hansen, 1969), and have higher correla-
tions with underlying ability (Waters Bayrorf, 1071) when



the items are highly discriminating. Theoretical studies
have also shown that pyramidal tests have nearly constant
precision of measurement across all levels of ability. This
level of precision is much greater than that for conventional
tests at the more extreme ability levels (Lord, 1970, 1471a,
b; Mussio, 1972; Paterson, 1962).

Much of the empirical and simulation research has attempted
to determine how highly pyramidal tests correlate with longer
conventional parent tests. Investigators have been concerned
with constructing short adaptive tests which yield essentially
the same information as a conventional test. The theoretical
studies have demonstrated that, for many people, pyramidal
tests may be more accurate measurement instruments than con-
ventional tests. If this is the case, then the demonstra-
tion of a strong relationship between the two testing stra-
tegies is not of primary importance. One major purpose of
adaptive testirig...is to obtain measures of ability which are
more precise than those of conventional tests. When this is
considered, a high adaptive-conventional correlation is neither
necessary nor desirable.

None of the studies to date has attempted to assess the
relative test-retest stabilities of pyramidal and conven-
tional tests. Furthermore, only Hansen (1969) has studied
the relationships between the various pyramidal scoring
methods. The present investigation was designed to supple-
ment the existing literature on pyramidal tests in these
areas, and to replicate some of the findings of earlier
studies using longer pyramids than had been used in previous
empirical studies.

Method

The pyramidal tests used in this study represent only
one of several strategies of adaptive testing being used
in a larger series of research studies (e.g. , Betz Weiss,
1973). This series of studies is designed to investigate
the possible advantages of adaptive testing strategies as
compared to conventional ability testing procedures, and to
determine which adaptive approaches provide the most accurate
measurement of ability. Adaptive tests are being compared
to conventional tests and to other adaptive strategies with
respect to ability estimation, stability, internal consis-
tency reliabilities, and other psychometric characteristics.
At the same time, the research is concerned with answering
basic questions about each adaptive strategy. These include
such questions as optimum ways of structuring the branching
paradigm, problems in determining branching rules, and determi-
nation of useful and reliable methods of scoring the adaptive
tests.



All adaptive and conventional tests were administered
by computer (DeWitt & Weiss, 1974). Testing strategies
were administered two at a time so that scores on one adap-
tive test could be compared with those on another, and so
that adaptive and conventional tests could be compared.
Each individual was tested on two occasions with a period
of about seven weeks between the initial and final testings,
in order to compare the test-retest stabilities of each test-
ing strategy, and scoring methods within a strategy.

Test Development

Item Pool. The item pool consisted of 369 five-alterna-
tive multiple-choice vocabulary questions (see McBride &
Weiss, 1974 for details of item development and norming).
Each item had been normed on groups of college undergraduates.
Norming resulted in estimates of item difficulty (propor-
tion correct), and item discrimination indicated by the
biserial correlation of each item with total score on the
norming tests. Approximations to the normal ogive item
parameters "a" and "b" were determined by the following
formulas (Lord & Novick, 1968, pp. 376-378).

a =
r
b

41-r
b

_ 47.471-
a

where a is the normal ogive index for
discrimination;

(1)

(2)

b is the normal ogive index for difficulty;

r
b is the biserial correlation coefficient

between item response and total score;

OP) is the inverse of the cumulative normal
distribution corresponding to the pro-
portion correct

The item pool was not composed. of an equal number or items
at each level of difficulty; rather, there were mati hirhly
discriminating items which were relatively easy, and fewer
highly discriminating items which were difficult.

Construction of tht2yramidal tests. Three different
pyramidal tests were used in this study. All were l3-stilw,
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fixed branching models with a constant step size. All used
an up-one/down-one branching rule (Weiss & Betz, 1973; Weiss,
1974 )

For pyramids 1 and 2, the following rationale was used
in test construction. Each test was to be administered
with a conventional test; therefore, those items used in
the conventional test were excluded from the pyramidal
tests, in order to avoid a deceptively high correlation
between scores from the two testing strategies. This re-
sulted in an important constraint in the construction of
the pyramidal tests. Since the conventional test was peaked
at b = 0, many highly discriminating items of moderate diffi-
culty were unavailable for the pyramid. However, the pyra-
midal structure, as illustrated in Figure 1, shows that most
items required by this strategy fall into the range of moderato
difficulty with fewer items required at extreme levels of
difficulty. In general, n(n+1)/2 items are required for an
n-stage pyramid. Thus, 15(15+1)/2 or 120 items were needed
to build a complete 15-stage pyramidal structure. In order
to construct a symmetric pyramid of 15 stages having an ini-
tial item of median difficulty and terminal items which
ranged in value from -3.0 to +3.0 standard deviations, a
step size of b = 0.2 was necessary. That is, increases or
decreases in item difficulty from one stage to the next were
fixed at a normal ogive difficulty value of 0.2.

Appendix A Mows the item difficulty and discrimination
structure of the three pyramids used in this study. Tables
A-1 and A-2 indicate that the initial item presented to all
testees in pyramids 1 and 2 had a difficulty of b =-.05.
A correct response branched the subject to a more difficult
item at stage 2 (b = .21), while an incorrect response
branched him to an item easier than the first (b = -.13).
This process was repeated until each subject had attempted
15 items. Once the difficulty of the initial item and the
step size had been determined, the remaining items in the
pool were divided into 29 groups, with all items in a group
having about the same "b" value and an "a" value of .)0 or
higher. These groups correspond to the 29 columns of items
in the tables of Appendix A.

It has been suggested by Paterson (1962) that within
each column items be ordered according to discrimination,
with the most discriminating item appearing first. In
pyramids 1 and 2, there are several exceptions to this rule,
as shown in Tables A-1 and A-2. For example, in column l?4

of Tables A-1 and A-2, the second item is the one with the
highest discrimination. Similarly in column 16 of thes,e
tables the best discriminating item is fourth, not first.
in constructing these two pyramids, in cases in which t hi

difficulties of items varied widely within a column, item



difficulty was considered more important than item dis-
crimination. Pyramid 3 was structured so that item dis-
criminations,were ordered from highest to lowest within

(each column (see Table A-3).

For the first group of subjects, the pyramid I. test
was presented with a 40-item conventional test. After the
initial administration, two errors were found in the pyra-
midal test; items of inappropriate difficulty were located in
difficulty level 12 at stages 4 and 6. Because both items
appeared in early stages of the structure, many testees
(about one-third of the group) attempted one or both of
them. Pyramid 2 was a modified version of the first pyra-
mid, with the errors corrected. Half the subjects received
the original pyramid on retesting and the remaining subjects
completed the modified version in order to see whether errors
in test construction would significantly affect results.

Pyramid 5 (Appendix Table A-3) was administered to a
separate group of testees several months after the first
two pyramids had been administered. This pyramid was to
be given with other adaptive tests which used large numbers
of items from the vocabulary pool. Thus, no attempt was
made to exclude any items from the pyramid. Since a greater
number of highly discriminating items of median difficulty
were avSllable, and since items were ordered within a column
solely on the basis of their discriminations, the average
item discrimination for this test was higher than that of
pyramids 1 and 2.

Table 1 presents means and standard deviations for the
difficulties, discriminations, and step sizes of the three
pyramidal tests. As Table 1 shows the three pyramids are
essentially equivalent with respect to mean difficulities
of the items (although pyramid 3 is slightly easier than the
other two), mean item discriminations (although pyramid 3
has items of slightly higher discriminations), variabilit)
of both item difficulties and discriminations, and average
step size. Pyramid 1 has considerably larger variability
of step size than do pyramids 2 or 3, due solely to the
effect of the two items of inappropriate difficulty present
in pyramid 1.

Construction of the conventional test. The conventional
test- used in the study was a peaked test composed of 4o items.
Items with p-values of about .60 and high biserial correla-
tions were selected from the item pool. Appendix Table A-1
presents the normal ogive difficult) and discrimination
parameters for each item in the conventional test. Tablf.

shows means and standard deviations of these normal op;ive
parameters for Loth the difficulty and discrimination of tlw
conventional test. As Table 1 indicates,the mean ditileult)
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of the conventional test (-.188) was lower than that of any
of the pyramids. The conventional test was constructed to
adjust its average difficulty for guessing (Betz t41 Weiss,
197:3, p. 15). On the other hand, the mean difficulty of the
pyramids was set at the mean difficulty of the group being
measured. The pyramid was not adjusted for guessing since
it was assumed that, as a result of the adaptive test's
capacity to adjust difficulty level to the individual's
ability, guessing was less likely to occur (Weiss & Betz,
1973). Since the conventional test was a "peaked" test,
the standard deviation of its difficulties was considerably
less than that of the pyramidal tests, which were con-
structed to measure along an ability continuum.

Table 1 also shows that the adaptive tests were composed
of more discriminating items than the conventional test. The
latter test was constructed to approximate the conventional
tests used in Lord's (1970, 1971a,b) studies (see Weiss &
Betz, 1973). It has been suggested, however, that adaptive
tests require more highly discriminating items to be effec-
tive (e.g., Urry, 1970). Thus, the pyramidal tests used
the most discriminating items available in the item pool,
within the limitations of the difficulty structure required.
This latter fact accounts for the larger variability of dis-
crimination indices for the pyramidal test as compared to
the conventional test.

Scoring the Pyramidal Tests

Six scoring methods were used to estimate ability in
order to determine which provided the most accurate and most
stable estimates. Method 1 is the simple number correct
score which has been used by Lord (1970, 1971a,b). For a
15-stage pyramid, sixteen different number correct scores
are possible (0 to 15). Method 2 involved computing the
mean difficulty of all items attempted for each subject,
Lord (1970, 1971a,b) has suggested a similar approach in
which the first item is omitted and an hypothetical 1.6th item
is included. Method 3 is analogous to the second; in this
method, the mean of the difficulties of the correctly answered
items was obtained. In method 4, a subject's score was the
difficulty of the final item attempted in the pyramid. Since
one objective of adaptive testing is to administer items
appropriate to the ability level of the testee, the point at
which he/she finishes the test can loc: considered a good esti
mate of ability (Lord, 1970). While Bayroff (1960) used the
p-value of the final item reached as the testee's score, the
normal ogive parameters used in the present investigation are
more easily interpretable as an estimate of the subject's
ability level.

Method 5 employs an hypothetical 1691 item. Since method
4 does not take into account the correctness or incorrectness
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of the testee's final response, this method branches the
testee to an hypothetical item whose difficulty would be
that of the 160 item, were one to be given. Lord (1970,
1971a,b) has called this the "final difficulty score."
Values for the n+lth items were computed by averaging the
difficulties of all items in its column. Values for the
two extreme n+lth items were obtained by using the mean
difference between the remaining fourteen items in the
n+lth stage and adding it (or subtracting it, in the case
of the lower extreme) to the difficulty of the n+lth item
adjacent to it.

Scoring method 6 was the all-item score developed by
Hansen (1969). In this method, two points are given for
a correct answer. In addition, 2 points are added for
each item in that stage which is easier than the one
attempted, and one point more is added for the next most
difficult item in that stage; all more difficult items are
scored zero. For an incorrect response, 0 points are given
for the item attempted and for all items of greater diffi-
culty in the same stage. One point is added for the next
easier item in the same stage, and 2 points are given for
all other items of lesser difficulty in the same stage. In
this way, all-item scores assign a value to all 120 items
in the pyramid for each subject, even though only 15 items
were attempted. In contrast to all other scoring methods
in which only items actually answered by the testee receive
a score, this procedure may provide a method for assessing
the internal consistency reliability of pyramidal tests by
standard reliability formulas. Scores for this method ranged
from 0 to 240.

Test Administration and Subjects

Both conventional and pyramidal tests were administered
by cathode-ray-terminals (CRTs) acoustically coupled to a
time-shared computer. Items were presented on the CRT screen
and testees indicated their response by typing in the number
of the correct alternative to the multiple-choice item.
Following their response, the next item appeared on the screen.
Since the first item of the second test appeared immediate!)
after the final item of the first test, subjects were not
aware that two tests were being given (see DeWitt & Weiss,
1974, for details of the computer system controlling test
administration).

Subjects were all undergraduates enroLled in either
general psychology or psychological measurement and
statistics courses at the University of Minnesota. None
had any previous experience with computerized testing.
Instructional screens explaining the operation of the CHTs
were provided prior to testing and a proctor was present
in the testing room to provide further assistance to and
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testee having difficulty with the equipment. Testees
were permitted as much time as necessary to complete the
tests and were so informed before the tests were begun.

For the Pyramid 1 study, 250 subjects were originally
tested with both the pyramidal and conventional tests. One
hundred twenty-five subjects completed the pyramidal
test first and the remaining 125 were given the conventional
test first. Each subject was retested about seven weeks
later. The mean interval between test and retest was 52.3
days; the standard deviation was 7.5 days, and retest
intervals ranged from 39 to 70days. At retest, the group
was randomly divided into two subgroups; half the subjects
received a retest of pyramid 1 plus a numeric norming test
(N=101); while the remaining half was administered the
revised pyramid, pyramid 2, and the same conventional test
(N=103). Thus, subgroup 1 yielded test-retest data on
pyramid 1, while subgroup 2 yielded retest data on the
conventional test and an approximation to an alternate form
retest for pyramids 1 and 2.

Pyramid 3 was administered with a stradaptive test
(Weiss, 1973) to 142 testees. On retest, 138 subjects were
administered the same pyramid and a two-stage test. In
both administrations, the order of test presentation was
randomized. Complete test-retest data cn pyramid 3 was
available for 128 subjects. The test-retest interval for
pyramid 3 was also about 7 weeks with a mean of 49.2 days,
a standard deviation of 4.8 days, and a range of 40 to 63
days.

The general outline for the studies using each of the
pyramidal tests is shown in Table 2. The data to be analyzed
in the Pyramid 1 study consisted of two sets of six pyramidal
scores, one set for the initial test and one for the retest.
Scores for the conventional test (number correct) were available
only for the initial test on this group. Those testees com-
pleting Pyramid 1 at time I and Pyramid 2 at time 2 also had
two sets of six scores. Conventional test scores were available
for both test administrations. Thus, for this group the test-
retest stabilities of the pyramidal test could be compared
with that of the conventional test. No conventional test
was administered with Pyramid 3. Subjects completing this
test at initial testing and at retest were scored by the
same six methods used for the other pyramidal tests.

Thus, the design permitted nnalsis of the stabilit or
scores on pyramid 1 (group 1) , stability of scores on a
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pyramidal test with revisions in the 14'em structure (py ramids 1

and 2 on group 2), test-retest stability for the conventional
test (group 2), and stability of a pyramidal test (pyramid
3) constructed differently than the other pyramids (group 1).

Order effects. To determine whether order of admini-
stration significantly affected test scores, the 230 testees
who completed pyramid 1 at time 1 (groups 1 and 2) were
randomly divided into two subgroups. The pyramidal test
orris administered first and the conventional second to 123
-stees. The order was reversed for the remaining 123. in

this way, fatigue or practice effects or carry-over effects
between strategies could be detected. 'T-tests were used
to determine whether the differences between the mean scores
for each order were statistically significant for the initial
test administration. Subjects administered Pyramid 3 were
divided into two subgroups on both test and retest. The
first was given the, pyramidal test first and a stradaptive
test (Weiss, 1973) second. The order was reversed for the
remaining subjects. Since a different adaptive test (a two-
stage test; Betz ego Weiss, 1973) was administered with pyra-
mid 3 during the retest, testees were again divided into two
groups with respect to order of administration, and t-tests
computed for each scoring method.

Score distributions. Two previous empirical investiga-
tions using pyramidal testing models have found that score
distributions have been negatively skewed, with many testees
obtaining near maximum scores. Seeley, Morton, and Anderson
(1962) reported that such a result could be attributed either
to the scoring method used or the difficulty of the test.
Bayroff and Seeley (1967), using two 8-stage pyramidal tests,
found scores distributed approximately normally for the
verbal section but negatively skewed for both the numerical
section and the conventional test. Hansen (1969) however,
found that for one scoring method, a more rectangular dis-
tribution of scores was obtained with pyramidal tests than
with conventional tests.

One objective, then, of the present study was to inves-
tigate the distributions of scores on the 0-item conven-
tional test and those derived from each pyramidal scorin;;
method. These analyses were designed to examine (1) the
appropriateness of test difficulty, (2) the relative varia-
bilities of each of the various scoring procedures, and
(3) the shape of the obtained score distributions.

In order to express the variability of the pyramidal
scoring methods in a common unit, the standard deviations
for each scoring method were divided by the ratw, of poten-
tial scores and the results expressed as the "proport i on



of range utilized" (Bete & Weiss,1973). Tho ranges for
each scoring method were determined in the following manner:
(1.) the "number correct" range was simply 15-0 = 15 for all
throe pyramids; (2) the "moan difficulty of all items attempted"
range was obtained by subtracting the moan difficulty score
made by a testee answering all items incorrectly from the
score of one responding correct ly to a 1 1 1.3 items; (3) the
"mean difficulty of all items correct" range was obtained
by subtrocting the lowest possible N+Ith score from the
"mean d:kfficulty" seore of a testee with 13 correct: re-
sponse's ; (4) the "final item difficulty" range was the
difference between the easiest and most: difficult terminal
items while (5) the "n+Ith item difficulty" range was the
difference between the two extreme n+lth values; and (6) the
atl-item score range was 240 for all three pyramids. Exact
values for these ranges are summarized in Appendix B.

In addition to the mean and variability indices, the
skewness and kurtosis of each distribution were computed,
and the significance and direction of its departure from
normality was determined (McNemar, 1969, pp. 25-28, 87-88).

Stability, Previous investigations of pyramidal testing
have usually been concerned with the correlation between a
short branching test and a longer conventional test. None
have studied the relative stabilities or internal consistency
reliabilities of conventional versus pyramidal tests. To
investigate the accuracy of each scoring method, test-retest
correlations were computed for all testees completing both
administrations of the pyramidal and conventional tests. In
order to detect curvilinear relationships in test-retest
stability, eta coefficients were also computed and each
bivariate relationship was tested for curvilinearity (McNemar,
1969, pp. 315-317). These data were expected to yield
initial information on the relative utility of the various
scoring methods for making longitudinal predictions.

To evaluate the effects of the length of the time
interval between test and retest on stability, subjects
competing both tests were divided into three groups. The
first was composed of those testees whose test-retest inter-
val was short (39 to 49 days for pyramids 1 and 40 to '16

days for pyramid 3) ; the next group had a moderate test-
retest interval (50 to 58 days for pyramids I and :2, '17 to
)1 days for pyramid 1) and the last had the longest Inter-
val (59 to TO days for pyramids 1- and :2, 54 to 01 dates fur
;.pyramid 1). Test-retest correlations were then calculated
separately for each group. Both the time interval and the
number of subjects were kept approximatel equal Fur each
pyramid and the conventional test.



2- 1-

Memor%. effects. Stability is affected by memory.
When a conventional test is administered to the same
subjects twice, test-retest correlations may be spuriously
high because subjects may remember how they answered items
the first time and respond in the same way on second test-
ing. For a pyramidal test, however, subjects may be ad-
ministered a different set of items during the retest
if they move through the pyramidal structure through
pathways different from those taken during the original
test. Thus, it is possible for subjects completing the
same pyramidal test twice to obtain the same score both
times, while repeating considerably fewer items than
would be the case for a conventional test. For this
reason, memory effects are likely to be smaller in pyra-
midal tests, and test-retest correlations may not be as
inflated by memory effects as those for a conventional
test of comparable length.

In order to evaluate the effects of memory, the 40-item
conventional test was divided into two 15-item parallel
subtests. The shortened conventional subtests were com-
prised of only 15 items to facilitate comparison to the
15-stage pyramidal tests. The following method was used.
A bivariate graph was constructed with item difficult} on
the abscissa and discrimination on the ordinate. The 40
items were plotted, and the fifteen pairs of items whose
"a" and "b" values most nearly matched were selected.
Members of each pair were randomly assigned to each of
the two parallel subtests. Item parameters for the items
of both parallel subtests are given in Appendix C. As
Appendix C shows, the two subtests could be considered
parallel since the means and standard deviations of both
their difficulty and discrimination parameters were almost
identical.

Figure 2 indicates diagrammatically the design for the
analysis of memory effects. The degree of similarity between
the two parallel forms of the 15-item conventional subtests
at each of the test administrations is indicated by the two
ve:ctical lines; these are parallel forms reliability coef-
ficients. The horizontal lines represent the test-retest
stability correlations for both I5-item subtests. Becr :ie

all 15 items are repeated this condition allows the maximum
effect for memory. The diagonal lines show the correlations
between different 15-item subtests at different times. if
memory effects were present these correlations should follow
a specified pattern. First, since subjects attempt the same
items twice, the stability correlations should be the high'- 1
in the analysis. Secondly, these test-retest correlations
would be higher for either subtest than the 7orrelation
between one subtest at time 1 and the other at time 2



"If)$.4.

Figure 2

Design for the analysis of memory effects in the conventional test
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since testees would have attempted identical items within
forms and completely different items across forms. The
latter correlations represent a "no memory" condition.
These should be the lowest in the analysis, as memory effects
would not be present and a time interval separates the two
test administrations. Finally, the parallel forms correla-
tions, which involve no repeated items and, therefore, no
memory effects should fall intermediate between the memory
condition (stability correlations) and the no memory con-
dition (parallel forms with time interval).

On the pyramidal test, most testees could be expected
to attempt an intermediate number of identical items on
test and retest. Therefore, it would be expected that
stability estimates of the pyramidal test would fall between
the extremes of the "no memory plus time interval" and
"maximum memory" conditions for the conventional 15-item
subtests described above, if the stability of the pyramidal
testing strategy did not differ substantially from that of
a conventional test of the same length.

Change Analysis. When a conventional test is administered
to the same subjects more than once, memory and practice
effects may operate to increase retest scores. No investi-
gation has yet attempted to find similar effects in adap-
tive testing. In order to determine whether scores on the
conventional and pyramidal tests changed significantly from
one testing to the next, correlated t-ratios were computed
contrasting mean scores for the initial and retest administra-
tions. These analyses were conducted for each method of
scoring the pyramidal tests and for each pyramid, to determine
whether scoring methods and/or the structure of the pyramid
had differential effects on mean score changes.

Internal Consistency Reliability. Measures of the inter-
nal consistency reliability of both the conventional and
pyramidal tests were obtained by the Hoyt (101) method.
In order to compAlte such an index, a score for every subject
on each item must be computed. As testees completed on l) a

small fraction of the total numb?r of items in the pyramidal
tests, estimates of the probable scores on unattempted
were made according to the procedures of the "all-item"
scoring method described above. The Spearman-Brown formula
was used to equate the number of items between the con-
ventional and pyramidal tests since the pyramidal test
the "all-item" score had three times the number of Items as
the conventional test. Hansen (1969) employed a similar
method for obtaining the KR-20 reliability indices for a

number of four-stage pyramidal tests.
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Relationships among scoring methods. To determine which
pyramidal scoring methods were most similar and which was
most highly related to conventional test scores, each score
was correlated with every other score. Both the product
moment correlation and the correlation ratio were computed
for each pair of' scores.

Results

Order Effects

Table 3 provides results of the anaLyses of the efforts
of order of administration on scores for pyramidal and con-
ventional tests. Means and standard deviations for both
groups completing each test first or second in a paired
administration are given for each method of scoring the
pyramidal tests and for the x:onventional test. (if 19
t-tests, only one of the t-ratios for the difference between
the mean scores for each order was statistically signifi-
cant at the .05 level. There was, however, a trend showin:;
that when any one of the three pyramidal tests was administered
first, subjects tended to make slightly higher mean scores
than those who attempted that test second. For the con-
ventional test, mean score differences were also not statis-
tically significant, but the slight difference in means was
in the opposite direction. Since order did not appreciably
affect scores on the pyramidal or conventional tests all
subsequent analyses combined the data from the two order
groups.

Score Distributions

Pyramidal tests. Table shows descriptive statistics
for the first administration of pyramid I and the conven-
tional test. Similar data is shown for pyramids 2 and ),
and for the retests of all pyramids and the conventional
test, in Appendix D. Mean scores shown in Table '4 for
both tests indicated that, on the average, the testees
answered approximately half (7.90) of the fifteen items ill
the pyramid correctly, suggesting that the difficult
the test was appropriate for the ability of the subjects
tested. This result was also found for the pyramid I retest
(Appendix Table D-I), the pyramid 2 administration (Tabie
D-2) and both administrations of pyramid "I (Tahles D-) at.1
D-4). As might he expected, the mean difficulty score far
all items attempted (.0!t) was higher than the mean diVri-
culty score for all items answered correctly (-.IL!), indi-
cating that testees usunlly responded fncorrectl

y to tho-e
items which were above their ability level.
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Standard deviations for all methods of scoring the
first administration of pyramid 1 are given in Table 4.
Because the scoring methods used for the pyramidal tests
were all on different scales, the variabilities associated
with each method are not directly comparable. Thus, Table
4 shows the standard deviations expressed as a proportion
of each scoring method's potential range. Inspection of
Table 4 (and the supplementary data in Appendix n) indicates
that two pairs of scoring methods provided almost identical
values for all pyramidal tests. The number correct score
and the n+1° scoring method both used from 16 to 19 percent
of the possible range. The mean difficulty of all items
attempted and the all-item scoring methods used from 19
to 23 percent of the possible range. Expressed as relative
variabilities, the mean difficulty of all items attempted
and the all-item score had the highest variabilities of the
pyramidal scoring methods (.22 and .21 in Table 4). The
mean difficulty of all items correct scoring method was
lowest in relative variability for pyramid 1. This finding
was consistent across all pyramids and all administrations
(see Appendix D). Thus, the mean difficulty of all items
attempted and the all-item score seem to provide the greatst
potential for inter-individual discrimination.

For five of the scoring methods used in the pyramid 1

study, score distributions tended to be positively skewed
but not significantly so. Only the mean difficulty of all
items correctly answered had a slightly negatively skewed
distribution (see Table 4). Both trends were also observed
for the retest of pyramid 1 (Table D-1) and for pyramid 2
(Table D-2). All score distributions for pyramid 3 were
positively skewed (Tables D-3 and D-4) both on initial test
and retest. However, for pyramidal 3, using several of the
scoring methods, the degree of skewness indicated a statis-
tically significant departure from normality.

Distributions of scores for four scoring methods for
pyramid 1 were highly platykurtic, as shown in Table 'le

However, only two scoring method distributions remained
significantly platykurtic on retesting (Table D-I). he
all-item method of scoring, and the mean difficulty of
items attempted method consistently yielded the Lattest
distributions. This finding is in accord with the finding
of greater relative variability for these methods of scoring
the pyramidal test. Results obtained for the piramid
administration (Table D-2) were similar to thosf. for Iu

pyramid 1 retest, with all scoring methods puodlicini;
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platykurtic distributions and the same two scoring methods
showing significant departures from normal kurtosis.

For pyramid 3 the tendency for flat distributions was
still present but to a lesser degree (Tables D-3 and D-4).
Only the all-item scoring method for the initial admini-
stration was significantly platykurtic.

Conventional test. As Table 4 shows, the mean score
for the first administration of the conventional test was
22.73. Since the test was composed of 't0 items and guessing
was possible, this mean score was appropriate, indicating
that the test was peaked at the difficulty level of the
group being tested. Retest scores (Table D-2) had a mean
of 23.40.

The variability of scores on the conventional test,
expressed as the proportion of range index, was similar
to that of the better pyramidal scoring methods. On
retest (Taole D-2) the two best pyramidal scores utilized
more of their potential range (.23) than did the conven-
tional test (.21). Further, there was a slight, but non-
significant, tendency for scores on both administrations
of the Conventional test to be positively skewed. The
score distribution for the conventional test was highly
platykuric for the first administration, indicating a

statistically significant difference from normality. The
distribution remained platykurtic on retesting but was not
significantly different from a normal distribution.

Test-Retest Stability

Pyramidal tests. The stability data for the pyramidal
tests in Table 5 permit a comparison of the relative stabili-
ties of the various methods for scoring pyramidal tests.
For the pyramid 1/pyramid 2 data, three scoring methods
yielded substantially lower stabilities. These methods
were number correct, difficulty of the n+Ith item, and
difficulty of final item. This pattein of results was
also observed for the pyramid retest and the pyramid I

retest, using the eta. coefficients. It is interesting tt)
note that two of these least reliable scoring methods wet E.
among those used by Lord (1170, 1.,71b) in his thereticill
studies of pyramidal tests. The most stable scoring methods
for scoring the pyramids were the all-item score and the
mean difficulty of all items attempted score. Based on the
test - retest eta coefficients, mean difficult) of all items
correct was consistently the third most stable scoring;
method but was substantially Lower than the other two in the
pyramid I retest analysis.
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In general, pyramid 1 was the least stable of the pyramids,
yielding results substantially below the retest using the
corrected pyramid 2. This was probably due to the errors
in the construction of pyramid 1 which introduced error into
the scores on both testings. Pyramid 3 was slightly less
stable than the pyramid 1/pyramid 2 administration. The
differences might be attributable to the differences in
construction of pyramid 3, or to characteristics of the
subjects.

Conventional test. Table 5 also shows the test-retest
reliability coefficients for the 40-item conventional test
based on the same 103 subjects who completed pyramids 1. and
2. The stability for the conventional test was r=.92 (eta=.93).
These were higher than any of the corresponding stabilities
for the 15-stage pyramidal tests. However, a comparison of
the eta coefficients for the two testing strategies shows
that the pyramidal test, composed of only 37.5% of the number
of items in the conventional test,was able to achieve stability
coefficients not significantly different from those of the
conventional test. Both the all-item score and the mean
difficulty of all items attempted score yielded test-retest
eta coefficients of .92, and the mean difficulty of all items
attempted score achieved an eta stability of .91. These com-
pared favorably to the 40-item conventional test stability
of .93 for the same subjects. It should also be pointed out
that the pyramidal data were based on a modified pyramid at
retest (pyramid 2) making the stability correlations not pure
test-retest correlations for the pyramidal tests.

Stability comparison. A valid comparison of the relative
stabilities of the conventional and pyramidal tests was based
on the analysis of memory effects for conventional tests of
length equal to that of the pyramidal tests. The memory
analysis was based on the assumption that subjects complet-
ing the 15-stage pyramidal tests on both test and retest would
not attempt the same 15 items on each administration. For
the 101 examinees completing pyramid 1 both times, the mi.an
number of items in common was 8.17 with a standard deviation
of 3.67. Only five subjects followed the same pathways
through the pyramid on both administrations (i.e., answered
the same fifteen items both times). The mean number of items
in common for the 103 testees in the pyramid I/pyramid
group was 8.25; the standard deviation was 3.7, and th/F.,.
subjects used the same pathways on both administrations.

The test-retest correlations for both I3-item parallel
conventional subtests and the correlation of one form with
the other across time are presented in Table 5 and snmmari/ed
in Figure 3. These data serve as a basis for comparison et
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Figure 3

Test-retest stability, parallel forms reliabilities and
parallel forms stabilities for two 15-item parallel conventional

tests (N=103)

Time 1

Subtest 1 r = .88 (eta = .89)

Time 2

Subtest 1

Subtest 2
r = .85 (eta = .89)*

Subtest 2

*Curvilinearity statistically significant at p =
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the 1.5- stage pyramid and 15-item conventional tests. It
can be seen that when the same items were presented at
both test and retest, scores were more highly correlated
(r=.88 and .85) than when scores on one form were compared
with scores on the other during retest (r=.78 and .71) or
when scores on different parallel forms were correlated
at the same administration (r=.75 and .79). These results
are in accordance with the results predicted above and
therefore are consistent with an hypothesis that memory
effects were operating in the conventional test to inflate
test-retest reliability coefficients. Thus, if the pyra-
midal tests (with an average of only about half the number
of items repeated in comparison to the conventional tests
of equal length) had stabilities equal to those of the con-
ventional tests, their stability coefficients should lie
between the "no-memory" results and the "maximum memory"
results.

The data in Table 5 show that three methods of scoring
the pyramidal test (the two mean difficulty scores and the
all-item score) yielded stability coefficients which were
comparable to those of conventional subtest 1 and greater
than those of conventional subtest 2 (i.e., maximum memory
effects). All pyramidal scoring methods showed higher
stabilities than the "across forms" correlations of the
parallel conventional tests (no memory effects). Thus,
when the effects of memory are taken into account, the
pyramidal testing strategy shows greater stability than a
conventional test of the same length.

A comparison of the eta coefficients in Table 5
supports the conclusion that the pyramidal test yields
more stable scores than the conventional test. Three
methods of scoring the pyramidal tests yielded eta
stabilities (.92, .91, .92) higher than those of either
of the two conventional subtests (.89). This finding is
especially significant in that the conventional subtests
allowed the possibility of maximum memory effects while
the pyramidal test permitted an average of onl, y half the
potential for memory effects to operate.

Since the pyramid I and pyramid ) retests used differ-
ent subjects than the retests of the (onventionil tests, a

direct comparison is not completely appropriNte. However,
it is interesting to note that even under thes( circum-
stances, the best methods of scoring the pyramidal tests
yielded eta stabilities equal to or greater than those for
the conventional tests with maximum memory effects.
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The finding that the stability analysis of the two
conventional subtests followed a pattern consistent with
the hypothesis of memory effects inflating test-retest
reliability coefficients also suggests that the stability
ccafficients for the 40-item test are inflated by memory
effects. From this perspective, the retest eta coeffi-
cient of .93 for the 40-item conventional test (with
40 items repeated at retest for all testees) compares
very unfavorably with the retest eta of .92 for the retest
of the pyramidal test (with an average of 8.25 items re-
p(ated).

Retest interval. Table 6 presents the test-retest
correlations for the conventional and pyramidal tests as
a function of the time interval between administrations.
In general, there was little systematic variation in
stability with respect to time interval for either the
pyramidal or conventional tests. When subjects completed
pyramid 1 at time 1 and pyramid 2 at time 2, the medium
time interval showed the greatest stability. For Pyramid 1,
the short and medium time intervals showed similar stabilities
while the long time interval had higher correlations -Ader
each method of scoring. For pyramid 3 the highest test-
retest correlations were obtained for the short and long
time intervals. No general trend is apparent for the 40-item
conventional test.

As shown in Table 6 the test-retest correlations for
both 15-item conventional subtests were higher thar those
for the pyramidal tests for the short and long time inter-
vals. For the medium time interval the two mean difficulty
scoring methods and the all-item scoring method showed
higher stabilities than either of the shortened conventional
tests. All pyramidal scoring methods were more stable than
conventional subtest 2 for the medium time interval.

Change analysis. Correlated t-ratios comparing mean
scores obtained on both administrations of the tests are
presented in Table 7. None of the pyramid 1 change scores
were significant at p = .05, and only the mean difficulty
scoring methods showed significant increases 'hen mean
scores for pyramid 1 (time 1) and pyramid 2 (time 2) were
compared. The latter result is most likely due to the
modifications made in pyramid 2 to correct the two items
of inappropriate difficulty found in pyramid l, since
the mean difficulty scores would be most affected by this
change.
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For pyramid 3, the probabilities associated with four
of the six scoring methods were less than .03. Thus, the
increases from time 1 to time 2 were statistically signi-
ficant, in one case at the .00.1 level. On the conventional
test, scores were higher on the retest and the difference
was significant at the .01 level.

The significant increases in test scores between test
and retest seen in the results 'or pyramid 3 contrast sharply
with the nonsignificant increases for the retest of pyramid
1 and with those for pyramid 1/pyramid 2 retest. The time
interval between test and retest was approximately the same
for all administrations, so it can probably be ruled out as
a cause of this discrepancy. It is possible that charac-
teristics of the subject groups contributed to the differ-
ence.

Also, differences in the construction of the pyramidal
tests and/or differences in administration could have
caused the significant mean differences for pyramid 3.
As was indicated earlier, pyramid 3 was constructed using
all available items in the item pool regardless of whether
they were to be administered under another adaptive strategy,
whereas in constructing pyramids 1 and 2 item overlap was
avoided. As Table 1 shows, pyramid 3 was first administered
with a stradaptive test which had a considerable degree of
item overlap with the pyramidal test. As a result, testees
would likely be administered a substantial number of common
items on first administration. This might result in a
greater memory effect on retest than when the testees
answered each item only once on first administration, as
they did in pyramids 1 and 2.

The very significant increase in mean scores upon re-
testing for the conventional test is likely to be a func-
tion of memory and/or practice effects, in comparison to
the general absence of such effects for the corrected
pyramidal retest (pyramid 1/pyramid 2) for the same group
of subjects. These results support the memory analyses
reported above suggesting that scores on pyramidal tests
arc less affected by memory than those of convention NI foSts.

Internal Consistency ReliabilitN

The Hoyt (I'.i index of internal consistency relia-
bility for the 40-item conventional test wns .1.0) for the
initial administration and .90 for the retest. When the
Spearman-Brown correction for triple length uas used (in
order to make the conventional test comparable to a p.ra-
midal test of 120 items) the reliability increased to
for both test and retest. For ever administration of the
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pyramidal test using the all-item score this index was
.99. It would appear, then, that the all-item method
of scoring (Hansen, 1969) yields a reliability coeffi-
cient which is spuriously high. Such a result may be
due to the strong assumptions made about the monotonic
relationships of item difficulty and testee response in
computing scores under this method. Under this scoring
method, error does not affect the items a person does not
attempt.

Relationships among Scoring Methods

Table 8 presents the intercorrelation matrix for all
pyramidal scoring methods for pyramid 1 and the correlations
between pyramidal scoring methods and the conventional test
scores. Similar data for the other pyramids are shown in
Appendix E.

Pyramidal vs. conventional scores. For pyramid 1 the
all-item score correlated more highly (r=.86) with scores
on the conventional test than any other scoring method. The
mean difficulty of all items attempted scoring method corre-
lated nearly as highly (r=.85) with scores on the conven-
tional test as the all-item score. The same two scoring
methods were most highly correlated with the conventional
test when pyramid 2 was used (Appendix Table E-1). For both
pyramids 1 and 2 the number correct method as well as the
n+lth scoring method correlated lower with the conventional
test than did the other methods.

Methods of D ramidal scoring. For all test administra-
tions Table 8 and Appendix E) the highest values obtained
in the intercorrelation matrices were those between the
number correct and difficulty of the n+lth item scoring
methods. Such a correlation should always equal 1.0 as the
16 possible scores for the number correct method (0 through
15) correspond exactly to the scores of the 16 n +lth diffi-
culties, no matter how such difficulties are computed.
Lord (1970) has also shown this to be the case. All testeHs
answering a given number of items correctly will be branched
to the same n+lth terminal position in the pyramidal structure.,
regardless of which items were correct. The assumptions
needed are that the values for the n+lth scores increase
monotonically and that these items are equally spaced on
the difficulty continuum. In a properly constructed pyramid
this must be the case. However, due to the two item place-
ment errors in pyramid 1 the Pearson correlation between
these two scoring methods for pyramid 1 (Table 8) was on].)
.99. For the other pyramidal test (Appendix E) this corr,.-
lation was 1.0,as would be expected.
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Another strikingly high correlation observed f'or all
administrations of the pyramids was that between the mean
difficulty of all items attempted score and the all-item
scores (r=.99 for pyramid 1). This high correlation
accounts f'or the fact that stability estimates for these
two scoring methods were nearly always equal; stabilities
of these scoring methods were always higher than those
for any other scoring method. Such a strong relation-
ship might not be expected as the all-item score appears
to have only a very approximate relationship with the actual
item difficulties. The lowest correlations among pyramidal
scoring methods involved the mean difficulty of all items
correctly answered score. This finding, in conjunction with
the comparatively low stabilities of this scoring method,
suggest that it is the least valuable pyramidal scoring
method. The mean difficulty of all items correctly answered
correlated more highly with the mean difficulty of all items
attempted than with any of the other scoring methods. This
was expected since both methods involve only simple averaging
of the difficulties of some or all of the 15 items administered
to an individual. Thus, the mean difficulty of all items
cor,ect also correlated highly with the all-item score .

The difficulty of the final item scoring method corre-
lated highest with the n+lth method and total number correct
methods. Since, for a certain final item, only two n+lth
scores are possIble given the structure of the pyramid,
such scoring methods will be very highly related. However,
the correlations will not be 1.0, since some of the testees
answer the final item correctly while others do not.

The all-item scoring method correlated highly with more
scoring methods than any other. This finding contrasts
sharply with those of Hansen (1969). In that investiga-
tion the all-item method had the lowest relationship to
the other scoring methods used.

Discussion and Conclusions

The order of test administration was not round to sir-
nificantly affect mean scores for either pyramidal or oc-
ventional tests. The trend for pyramidal test s-ores
be lower when the pyramid was administered af:er thf
item conventional test suggests that fatigw ma hay,
affected the testees to some small extent. In N study ,)t-

two-stage tests. Betz and Weiss (19;-1) found ,wdor otTeots
to be non-significant.

The pyramidal tests used in this study w-ve Frmnd r()

of appropriate difficulty for the ability of rhn
This is shown by the fact that, for all administrations.



the mean number of items correctly answered was slightly
more than half of the total number of items administered.
Such results were not obtained by Seele, Morton and
Anderson (1962) in their paper and pencil administration
of pyramidal tests. In that case a large percentage of
testees obtained the maximum score. This might have
been due to the easiness of their test or to the exclu-
sion of many test papers submitted by testees of lower
ability who had difficulty in following the branching
instructions. When Bayroff and Seeley (1967) administered
branched tests by computer, scores on a verbal item pyra-
mid were distributed approximately normally. Thus, it
appears that when a good estimate of the general ability
level of a group of individuals is known in ,Itivance, a pyrami-
dal test of appropriate difficulty can be constructed.

In contrast to the highly negative skew in the Seeley
et al. study, distributions for pyramids 1 and 2 were
approximately normal with a slightly positive skew for
most scoring methods. Only the average difficulty of all
items correctly answered score produced a negatively skewed
distribution, but again the distribution was approximately
normal. For pyramid 3 however, the departure from normality
was significant and in a positive direction. This result
was unexpected as pyramid 3 was slightly easier than the
others.

The trend for most of the pyramidal distributions to
be platykutic has been noted by Hansen (1969), who obtained
a rectangular score distribution. For pyramids 1 and 2 most
of the score distributions were significantly flatter than
the normal distribution while for pyramid 3 almost all
were not.

The conventional test used in the present study
also yielded scores which were significantly platykutic.
As Betz and Weiss (1971) have pointed out, this may have
been a function of deviations in the peakedness of the
conventional test, with a more highly peaked test produc-
ing more nearly normal score distributions.

While Betz and Weiss (lJ7j) hae found that the tw,-
stage testing strategl yielded scores which utilize a
higher proportion of the score range than a conventional
test, the pyramidal tests in the present stud), used a
percentage of range equal to or slightly greater than
that of the conventional test for only two of the six
scoring methods used. These were the mean difficulty of
all items attempted and the all-item scores, l+hich WOIA
later shown to correlate .99.
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A comparison of the scoring methods used for the pyra-
midal tests indicated that the most stable were the mean
difficulty of all items attempted and the all-item scores.
Test-retest correlations for these. scoring methods approached
those of the 40-item conventional test. This finding
supports Lord's (1970, 1971b) contention that the average
difficulty score is the most appropriate way to score a
pyramidal test when the up-one/down-one branching rule is
used. In each of the pyramids these scoring methods were
consistently more stable than either the difficulty of the
n+lth item scoring method, or the number correct score, and
they also correlated more highly with conventional test
scores than any other scoring methods. One possible expla-
nation for the good results obtained with these two methods
is that they utilize more information than tiae other scoring
methods and take account of the different pathways through
the test structure. As most of the earlier studies of
pyramidal testing (Bayroff, Thomas and Anderson, 1960;
Seeley, Morton and Anderson, 1962; Waters, 1964; Bayroff
and Seeley, 1967; and Waters, 1970) have used a simple
rank ordering of scores essentially equivalent to the
number correct score, or n+ 1° item difficulty score, the
correlations with parent tests obtained in these studies
might Lave been higher, had either of the better scoring
methods been used.

The time interval between test administrations did
not affect the stabilities of either the pyramidal or
conventional tests in any consistent manner. But the
intervals used were restricted to between six and ten
weeks. Longer time intervals would be appropriate to
show more clearly whether pyramidal testing provides
estimates of abilities which are more stable over time than
those of conventional testing.

The analysis of memory effects in the present study
indicated that pyramidal testing provides estimates of
ability comparable to conventional tests of the same
length even though in the conventional test testees
attempt the same items at both test and retest, result-
ing in an inflated estimate of stability due to memory of
previous responses. When the effects of memory were con-
trolled for, the pyramidal tests showed higher stabilitje:-;
than conventional tests with the same number of items.

The analysis of the change n mean scores from test
to retest indicated that scores on the conventional test
increased significantly. For the pyramidal strategy the
significance of increases in test scores depended on the
scoring method used and the particular pyramid involved.



For pyramid 1, none of the differences obtained by each
scoring method were significant. For pyramid all the
differences obtained (except for the two mean difficult)
scores) were statistically significant. This result may
have been an artifact of the methods of construction and
administration of pyramid 3, in contrast to that of the
other pyramids. Significant increases in mean scores for
the pyramid 1/pyramid 2 administration were round using
the mean difficult) scores only. These results were likely
due to the errors in the construction of the branching
network of pyramid 1.

The internal consistenc' reliabilitles for i.yramidal
tests obtained by Hansen (1')E):)) for several three- and
four-stage pyramids scored by the all-item method %%ere
quite high. The present study also obtained extremely
high internal consistency reliability for this scoring
method. The all-item scoring method, however, makes a
strong assumption about the correctness of responses to
unattempted items based on actual responses. A correct
response to an item is taken as evidence that all easier
items in that stage will be answered correct') while almost
all more difficult items will be answered inc rrectly. IH
ternal consistency reliabilities calculated from such hypo-
thetical response patterns would thus seem to be seriously
overestimated. At present, then, the internal consistency
reliabilities of adaptive tests would seem to be unmeasorable
by conventional methods which require a response to each item
by every individual. In one recent study of adaptive testing,
Betz and Weiss (1973) were able to measure internal consis-
tency reliability for two-stage tests only by considering
the routing and measurement tests as separate conventional
tests.

Comparison of the scoring methods used indicated three
important facts: (1) the mean difficulty of all items
attempted correlates very highly with the all-item score;
(2) the number correct and difficulty of the n+Ith item
scores are also perfectly correlated given a properly con-
structed pyramid, as has been shown by Lord ( I '170, I ); I b ) ;

(1) the all-item score correlates highly with more other
scoring methods than any other scoring method. Hansen
(1969) found that the all-item scoring method had the lohest
over all relationship to three other scoring methods used.
This discrepancy may be due to the extremel short tests
used in Hansen's stuci or to the fact that two or Hansen's
other scoring methods were not used in the present study.
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The major deficiency of, the present study was the
presence of two errors in pyramid 1. These two items
of inappropriate difficulty may have served to increase
the mean scores of the pyramid as they were relatively
easy items located in positions designed for more diffi-
cult items. Seeley, Morton and Anaerson (1962) have
encountered similar difficulties with their sequential
item tests. In that study, "despite repeated checking
and cross-checking the ... tests administered in the field
showed a number of construction oversights which would re-
quire correction before further use could be made of the
tests" (Seeley et al., 1962, p. 7). The effects of errors
in estimating the difficulties and discriminations of items
in pyramidal tests were investigated by Paterson (1062).
He found that errors in item difficulty were insignificant
when they occurred early in testing. This would seem to
indicate that the branching process serves to reduce the
effects of items of inappropriate difficulty. As the errors
in pyramid 1 were in the fourth and sixth stages, the effects
of the errors on the score distribution may have been negli-
gible. The results of the present study support Pa,.erson's
finding, however, since the test-retest correlation of scores
on pyramid 1 and pyramid 2 were still higher than those of
equal length conventional tests when memory effects were
taken into account. That -:these results were obtained from
the administration of a pyramidal test with two errors in
item placement indicates that pyramidal adaptive tests with
errors in their construction will give results similar to
those of properly constructed pyramidal tests.

The findings of the present st.ud) suggest that pyrNmid;11
testing can provide estimates of ability which have stabili-
ties comparable to those of longer conventional tests and
greater than those of conventional tests of the same length.
Further studies will be needed to determine whether pyramidal
testing provides more precise ability estimates throughout
the entire range of ability than those of conventional tests
and whether pyramidal tests correlate more highly with an
external criterion of ability than conventional testing methods.
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Appendix A

Item Difficulty and Discrimination
Parameters for Items of the Three Pyramidal Tests

and the Conventional Test
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Table A-4

Item Difficulty (b) and Discrimination (a)
Parameters for the Conventional Test

Item
Reference No. b Ag

58 -.957 .482
221 -.740 .647
307 -.836 .362
386 .136 .697
211 -.720 .60,)

224 -.785 .543
390 -.731 .627
667 -.726 .568
156 -.631 .647
208 -.681 .582
234 -.687 .512
52 -.282 .606

137 -.739 .400
176 -.897 .318
207 -.526 .602
218 -.928 .132
205 -.618 .472
382 -.481 .638
342 .172 .774
265 .173 .772
645 -.320 .501
661 -.296 .579
670 -.282 .620
127 -.248 .571
50 -.234 .505

.144 -.184 .627
369 -.215 .562
233 -.172 .468
139 .189 .417
633 -.078 .301
146 .000 .607
295 -.035 .

,1-114

113 .247 .609
267 .188 . !I 36
59 .173 .6'37

147 1.152 .383
174 1.156 .638
242 .979 .310
306 .969 .!49O
367 .9978 .377
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Appendix B

Possible Score Ranges for Three Pyramidal Tests

Scoring
Method Pyramid 1 Pyramid 2 Pyramid 3

Number Correct

Mean difficulty
of all items
attempted

Mean difficulty

15

2.97

15 13

2.91 2.79

of all items
correct 4.58 4.58 4.42

Difficulty of
Final Item 5.81 5.81 3.48

Difficulty of
N+16 item 6.21 6.21 5.98

All-item score 240 240 240
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Appendix C

Difficulty (b) and Discrimination (a) Item Parameters
for two 15-item Parallel Conventional Subtests

Subtest 1 Subtest 2
Item

reference no. b a
Item

reference no. b

221

224

390

667

176

382

342

670

-.740

-.785

-.731

-.726

-.897

-.481

.172

-.282

.647

.543

.627

.568

.338

.638

.774

.620

307

386

211

156

208.

52

207

218

-.836

.116

-.720
-.631

-.681

-.282

-.526

-.928

5: )(:2.697)7
.609

.647

.582

::
.112

50 -.234 .505 265 .173 --,
.1,...

144 -.184 .627 661 -.296 .57')

369 -.215 .562 327 -.248 .571

295 -.035 .474 233 -.172 .468
267 .188 .436 139 .189 .417

39 .173 .637 633 -.078 .501

242 .979 .310 367 .978 .177

Mean -.253 .554 -.262 .555

s.d. .505 .124 .500 .118
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